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[57] ABSTRACT 

A method of forming a plurality of conductive studs 
within a non-planar insulator layer (e.g., PSG or BPSG) 
disposed between a fint series of conductive structures 
arranged on a substrate and metal lines formed on the 
upper surface of the insulator layer. Vertical vias are 
defined through the insulator layer to expose at least 
one of the first conductive structures on the substrate. A 
conformal metal layer (e.g., CVD W) is deposited on 
the insulator layer to fill the vias. Then, the metal layer 
and the insulator layer subjected to a polish etch in the 
presence of an abrasive slurry, to remove portions of 
the metal layer outside of the vias while simultaneously 
planarizing the insulator layer. 

10 daims, 3 Drawing Sheets 
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bedded therein. U.S. PaL No. 4,470,874, entitled "Pla- 
VIA-FILUNG AND PLANARIZATION narization of Multi-Level Interconnected Metallization 

TECHNIQUE System" (issued Sept 11, 1984, to Bartush et al and 

assigned to the assignee of the present invention) dis- 
This is a continuation of co-pending £^)plication Ser. S closes a process wherein aluminum-based studs are 
No. 85,836 filed on Aug. 17, 1987 now abandoned. formed on a substrate, a glass passivation layer is depos- 

m^co BTOtaucrMi^ Trk t>t7¥ ATCT^ *° cover the stud, a planarizing photoresist layer is 

CROSS RH^KJCE TO RELATED deposited on the passivation layer, the photoresist layer 

APPLICATIONS |g exposed to an etchant that removes the photoresist 

Reference is made to co-pending U.S. Patent Appii- 10 layer and the glass passivation layer at substantially the 
cation Ser. No. 791,860, entitled "Chem-Mech Polish- same rate, and residual amounts of the glass passivation 
ing Method for Producing Co-Planar Metal/Insulator layer are removed in an etchant that attacks the previ- 
Films on a Substrate", filed Oct. 28, 1985, by Beyer et al ously-formed mterconnect studs and the glass passiv- 
and assigned to the assignee of the present mvention. ation layer at substantially the same rate. Note that this 
This patent application relates to a method for produc- IS latter etchant, is disclosed as being an argon-based sput- 
ing co-planar metal/insulator films on a substrate ac- ter etch, an ion milling step or a polishing step, 
cording to a chemical-mechanical (chem-mech) polish- U.S. Pat. No, 4,614,021, entitled "Pillar Via Process" 
ing technique. The invention is particularly directed to (issued Sept 30, 1986, to Hulseweh et al and assigned to 
the fabrication of planarized multi-level metal semicon- Motorola) discloses a process wherein a first level of 
ductor structures by maximizing the polishing rate ratio 20 metal is defined on a substrate, interconnecting stud 
of insulatonmetal or metal:insulator. structures are defined on the first metal layer, a thick 

Reference is also made to co-pending U.S. Patent passivation layer is deposited to cover the conductive 
Application Ser. No. 031,809, entitled "Method of Im- studs, a planarizing resist layer is coated on the dielec- 
prdving Silicon-On-Insulator Uniformity", filed Mar. trie layer, and the resist layer is exposed to an etchant 
30, 1987, now U.S. Pat No. 4,735,674, by J. B. Lasky 25 that removes the resist and the passivation layer at sub- 
and assigned to the assignee of the present invention. stantially the same rate so as to planarize the passivation 
This patent application is directed to depositing a layer layer. 

of tungsten on a patterned silicon layer, and polishing In the prior art it is also known to coat a dielectric 
the silicon layer back until it is relatively co-planar with layer on a substrate, defined vias in the dielectric layer, 
the deposited tungsten layer. 30 fill the vias with metal, coat the structure with a plana- 

Tvnmjin A T I7TOT Ffc fiziug resin layer, and expose the resin layer to an etch- 

TECHNICAL FIELD removes the resin as well as portions of the 

The present invention is directed to simultaneously metal layer outside the vias at substantially the same 
planarizing metal and insulator films so as to form rate. Such processes are disclosed in U.S. Pat. No. 
planarized, filled vias. 35 4,520,041, entitled "Method for Forming Metallization 

o A w^Tj rtTrwi^ A T>T Structure Having Flat Surface on Semiconductor Sub- 

BACKGROUND ART 3^^^,. j^^y jg, 1985, to Aoyama et al dnd as- 

As the device densities of integrated circuits continue signed to Toshiba) and U.S. Pat No. 4,614,563, entitled 

to increase, the metallurgy technologies utilized to in- "Process for Producing Multi-Layer Conductor Struc- 

terconnect individual devices must meet more stringent 40 ture" (issued Sept 30, 1986, to Kubo and assigned to 

retpurements. For one, higher device counts necessitate Fuji Photo Film Company). In both processes, a me- 

multiple levels of metallurgy. As the number of metal taliresin etch rate ratio of 1:1 must be maintained in 

layers increases, it is important that the insulator layers order to provide a planar surface. Moreover, note that 

separating these metal layers be as planar as possible. If in both patents the portions of the metal laying outside 

planarity is not maintained, the resulting severe topolo- 45 the vias are disposed on a relatively planar passivation 

gies may cause metal opens or shorts. layer. 

Another constraint placed upon state-of-the-art met- As shown in FIG. 3 of the above-mentioned co-pend- 
allurgy technologies is that the vias utilized to intercon- ing U.S. Patent Application Ser. No. 791,860, another 
nect the metal layers must be formed in as small a spax:e planarization method consists of planarizing the passiv- 
es possible. This is coomionly accomplished by aniso- SO ation layer prior to via definition, and then overfilling 
tropically patterning the insuktor (e.g., by reactive ion the subsequentiy-formed vias with metal. Portions of 
etching (REB) in a fluorine-based gaseous plasma) to the metal lying outside the vias are then removed by 
form vias having vertical sidewalls. polishing. More specifically, the application discloses 

Yet another constraint is the minimization of contact (at Table 1) a plurality of acidic chem-mech slurries that 

resistance. Because of the sheer number of devices to be 55 maximize the polishing rate of aluminum relative to 

connected at the first level of metal, the resistive load on silicon oxide. 

(and hence the signal delays associated with) this metal The present inventors investigated the possibility of 

level will increase. Interconnect materials that minimize planarizing the passivation film after via definition and 

contact resistance will decrease loading. Refractory prior to metal deposition. If vias are defined in a pre- 

metals such as tungsten have been shown to possess the 60 planarized passivation layer, the underlying topography 

requisite resistivity properties. Moreover, because will produce vias of grossly varying depths. If the etch 

CVD tungsten can be conformally deposited to fill process is continued so as to fUlly define the deepest 

vertical-walled vias formed in an insulator layer, the vias, the more shallow vias will be greatiy overetdied 

previously-mentioned via density constraint can also be and the underlying structures may be substantially 

met by the adoption of CVD tungsten as the intercon- 65 eroded. At the same time, because of the abovemen- 

nect material. tioned vertical via and contact resistance constraints. 

Prior art approaches have attempted to provide a the inventors wanted to utilize a conformal metal as the 

planarized insulating layer having planarized studs im- via*filling metallurgy. However, none of the above- 
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mentioned prior art techniques specifically address si- After the integrated circuit structures (e.g., isolation 

multaneously planarizing a via-filling metal and a non- structure 10) are formed on the substrate, a Hrst passiv- 

planar insulator layer so as to form a planarized metal- ation layer 20 is deposited The passivation layer 20 can 

insulator surface. be any one of a number of known insulating materials, 

5 such as polyimide phosphosilicate glass (PSG), or boro- 

SUMMARY OF THE INVENTION phosphosiHcate glass (BPSG). A layer of metal is then 

It is thus an object of the invention to provide a plana- deposited on the first passivation layer 20, and is pat- 

rized metal-insulator surface. temed to form metal lines 30. While the metal layer can 

It is another object of the invention to planarize the conductive material, it is preferred to form the 

passivation film after via definition. 10 metal lines 30 from an aluminum-based alloy such as 

It is yet another object of the invention to provide a Al/2%Cu or Al/4%Si/2%-Cu. The metal lines 30 can 

process for simultaneously planarizing a tungsten film ^ defined by anisotropically etching portions of the 

and an insulator layer without the use of a separate metal layer exposed by a photoresist in a chlorine-based 

planarization layer. gaseous plasma. 

The above and other objects of tiie present invention After the metal lines 30 have been defined, a second 
are realized by a method of forming a pluraHty of con- passivation layer 40 is deposited on the substrate. It is 
ductive studs within a non-planar insulator layer dis- preferred to form the second passivation layer 40 from 
posed between a first series of conductive structures * ^^P^^ glass (preferably BPSG). Note that tiie second 
arranged on a substrate and a second series of conduc- passivation layer 40 has an uneven upper surface as 
tive structures formed on the insulator layer, \rias are ^ deposited. That is, because doped glass passivation lay- 
defined tiirough the insulator layer so as to expose one f^, J° confonnal, tiie upper surface thereof 
or more of tiie plurality of first conductive structures. A ^^^^^^ ^^^^^^^ producmg by the underlaymg 
conductive layer is deposited on tiie insulator layer so as structures formed on the subste^^^ 
to overfiU tiie vias formed in said insulator layer. Then, „ ^ ? 2. vias 45 are tiien fonned m the 
botii of tiie conductive layer and tiie insulator layer are ^ passivatton layer so as to expose the underly- 
planarized to remove portions of tiie conductive layer "^^"^^^ ^' tf"^ ^ depositmg 
outside tiie vias while simultaneously plammzing tiie Patterning a conventional photoresist material, and 
insulator layer ^»^^^^^y pimuui^is uic anisotropically etchmg the exposed portions of the sec- 
^ ' ond passivation layer 40 in a halogen-based gaseous 

BRIEF DESCRIPTION OF THE DRAWING 30 plasma such as CF4. Because the upper surface of the 

n c j*t.*-^ j^i.- f second passivation layer 40 follows the topology pro- 

nie foregomg and other structures and teachings of the underlyiig layers, the vias wiU be rfc?ual 

the present invention wdl become more apparent upon ^ it wiU take the Lnl amomit of etching to com- 

a a«cnption tor canymg out tfte best mode thereot. In ^ „f ^ 

vias 45 above the metal lines 30. 

tiie description to follow, reference will be made to tiie 35 ^he above process thus avoids tiie deleterious effects 

accompanying Drawmg, m which: produced by overetching shaUow vias during tiie defini- 

FIGS. 1-4 are cross-sectional views of a semiconduc- ^ ^ ^one in prior processes in 

tor substrate undergoing the process steps m accor- ^^lich the passivation layer was planarized prior to via 

dance with the method of the present mvention; definition 

HG. 5 is an SEM of a semiconductor substrate show- 40 Then, as shown in FIG. 3, a second metal layer 50 is 

mgl^ results ofl^epohsh step oftiie present invention; deposited on tiie patterned passivation layer 40. It is 

HG. 6 IS an SEM of a section of tiie substrate shown preferred to form the second metal layer 50 of a mate- 

^ ri?" rial than can be confonnally deposited to fill the vias in 

FIG. 7 IS a cross-sectional view of a semiconductor the second passivation layer 40 witiiout creating voids, 

substrate undergomg a process in accordance witii a 43 It has been found tiiat chemical vapor deposited (CVD) 

second embodiment of tiie present invention. tungsten provides tiiese properties. Note tiiat because 

DESCRIPTION OF THE BEST MODE FOR ^® second metal layer 50 is confonnal, its upper surface 

CARRYING OUT THE INVENTION follows the topology produced by the underlying struc- 

tures. The second metal layer 50 should be at least thick 

Witii reference to FIG. 1, tiie process of tiie present 50 enough O-c, at least one-half the widtii of tiie vias in tiie 

mvention is earned out on a semiconductor substrate 1. cross-sectional dimension shown) to completely fill tiie 

For example, substrate 1 is made of p-type, <100> vias 45 formed in tiie second passivation layer 50. The 

oriented monocrystalline silicon. The substrate is portions 55 of second metal layer 50 lying witiiin tiie 

shown as being devoid of integrated circuit structures vias thus provide an electrical connection to metal lines 

except for the semirecessed oxide isolation region 10. In 55 30. 

practice, a plurality of diffusion regions are formed Then, as shown in FIG. 4, the metal layer 50 and 
withm the upper surface of the substrate, and a plurality passivation layer 40 are exposed to a planarization etch 
of conductive structures (e.g., poly-crystalline silicon that removes portions of the metal layer 50 lying out- 
gate electrodes, storage node electrodes, eto.) are pro- side the vias while simultaneously planarizing the pas- 
vided on the surface of the substrate 1 to form inte- 60 sivation layer. Thus, the resulting structure provides a 
grated circuit devices. Such devices are not shown in planarized surface 60 upon which subsequent metal and 
FIGS. 1-4 for ease of illustration. The semi-recessed insulator layers can be deposited, 
oxidation structure 10 can be formed using conven- In the invention, this planarization etch is practiced 
tional techniques, such as growing a thin layer of silicon by polishing the layers in the presence of an abrasive 
oxide on the substrate, depositing a layer of silicon 65 slurry. Experiments were carried out on a Strasbaugh 
nitride on the silicon oxide layer, patterning the nitride- single wafer polish tool. An abrasive SUBA IV perfo- 
oxide layers to expose a region of the substrate, and rated polishing pad was used. The pad was held at a 
oxidizing the exposed substrate regions. pressure of approximately 10-12 psi. It was found that 
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an abrasive slurry consisting of AI2O3 particulates, de- 
ionized water, a base, and an oxidizing agent will pro- 
vide WiBPSG etch rates sufficient to produce a planar 
surface. Forty grams of AI2O3 participates were mixed 
with ten liters of deionized water and approximately 
one liter of hydrogen peroxide (an oxidizing agent). In 
one experiment nitric acid was added to produce a 
slurry having a pH of 6. In another experiment, no 
add/base was added. In a third experiment, potassium 
hydroxide was added to produce a slurry having a pH 
of about 8.4. At a pH of 6 or 7, no tungsten was re- 
moved. At a pH of 8.4, approximately 300 A/nunute of 
tungsten and 200 A/minute of BPSG were polished 
away. The results of this process are illustrated by a 
scanning electron microscope (SENf) photograph of an 
experimental structure as shown in FIG. 5. The experi- 
mental structure was prepared by depositing a thick 
BPSG layer on a wafer, etching apertures into the thick 
layer of BPSG, coating CVD tungsten on the BPSG, 
and carrying out the above-described polishing process. 
The small boxes are the tungsten-filled apertures in 
BPSG. Note the total planarity of the upper surface. 
FIG. 6 shows a section of the substrate shown in HG. 
5 at a magnification of 5X. Note that the polishing pro- 
cess does not produce any delamination of the tungsten 
grains from the BPSG apertures. Further experiments 
in which the pH of the slurry was raised to 11 and above 
produced substantially the same results. That is, the 
polishing process produces a planar BPSG/W surface ^ 
at higher W:BPSG etch rate ratios (e.g., 10:1 and 
higher). Thus, the present invention presents a planari- 
zation process that is much more flexible (and thus more 
reliable) than prior art processes that rely on both a 1:1 
etch rate ratio between metal and a planarizing resin 3^ 
and a pre-planarized passivation surface. In the inven- 
tion, an AJiOs/water/oxidizing agent slurry having a 
pH above approximately 7.5 will provide a planarized 
tungsten-BPSG surface. 

Thus, a planarized metal-insulator surface is formed ^ 
after metal is deposited in vias having equal depth. Via- 
filling metallization technologies can be used to provide 
a planarized surface without producing overetched via 
holes. The resulting planarized surface yields a host of 
advantages. Because the metal above the filled vias is 45 
totally removed, undesired coupling between filled vias 
is eliminated. When a second metal layer is subse- 
quently deposited on the planarized surface for inter- 
connection, the photoresist layer used to pattern the 
layer will be deposited on a planar surface, enhancing so 
the coverage of the photoresist Moreover, after pat- 
terning the metal through this photoresist, the parasitic 
capacitance associated with the respective metal layers 
decreases, because the distance between the "plates'* of 
the parasitic capacitors decreases due to enhanced pla- 
narity. The resistance of the metal lines will also de- 
crease due to planarity. In general, the resulting plana- 
rized surface is more compatible with high density ICs 
in which multiple layers of metal are needed for inter- 
connection. 

Although the invention has been shown and de- 
scribed with reference to forming conductive studs to a 
first layer of metal, it is compatible with any metal level. 
As shown in FIG. 7, the invention can be used to simul- 



Moreover, while conformal metal layers such as 
tungsten are preferred, metal layers other than tungsten 
can be used. For example, assuming no hole-fill prob- 
lems, conductive materials such as the above-mentioned 
aluminum-based alloys can be used to fill the vias. As 
discussed in the above-cited U.S. Patent Application 
Ser. No. 791,860, aluminum and silicon oxide can be 
polished at approximately the same rate by using a Ro- 
dell 210 12 polish pad at 2-8 psi in the presence of a 
slurry consisting of aluminum particulates and deion- 
ized water (one gram/liter). 

Finally, while various modifications may occur to a 
person of ordinary skill in the art upon review of the 
foregoing teachings, such modifications fall within the 
ambit of the present invention as exemplified in the 
following claims. 
We claim: 

1. A method of forming a plurality of conductive 
studs within an insulator layer disposed between a first 

20 series of conductive structures arranged on a substrate 
and a second series of conductive structures formed on 
an upper surface of the insulator layer, comprising the 
steps of: 

forming the insulator layer on the substrate, the insu- 
lator layer having a non-planar upper surface; 
defining vias through said non-planar upper surface 
of the insulator layer, so as to expose at least one of 
said plurality of first conductive structures dis- 
posed on the substrate; 
depositing a conductive layer on said non-planar 
upper surface of the insulator layer, said conduc- 
tive layer completely filling said vias to contact 
said one of said plurality of first conductive struc- 
tures, said conductive layer having a non-planar 
upper surface that substantially follows the topol- 
ogy of said non-planar upper surface of the insulat- 
ing layer; and then 
subjecting both of said non-planar upper surface of 
said conductive layer and said non-planar upper 
surface of the insulator layer to a single polish etch 
step in the presence of an abrasive slurry, so as to 
remove portions of said conductive layer laying 
outside of said apertures in the insulator layer while 
simultaneously removing appreciable portions of 
said non-planar upper surface of the insiilator layer 
so as to establish planarity in said upper surface of 
the insulator layer. 

2. The method of claim 1, wherein said conductive 
layer comprises a conformal metal. 

3. The method as recited in claim 2, wherein said 
conformal metal comprises chemical vapor deposited 
tungsten. 

4. The method as recited in claim 3, wherein said 
insulator layer is comprised of a doped glass. 

5. The method as recited in claim 4, wherein said 
abrasive slurry is comprised of alumina particulates, 
deionized water, a base, and an oxidizing agent 

6. The method as recit^ in claim 5, wherein said 
oxidizing agent comprises hydrogen peroxide. 

7. The method as recited in claim 6, wherein said 
slurry has a pH above approximately 7.5. 

8. The method as recited in claim 1, wherein said 
conductive layer is comprised of an aluminum-based 
alloy, and wherein said insulator layer is comprised of 
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taneously form a metal line over the isolation region 10 65 doped glass, 
and a contact to a diffusion region 14 of an FET device 9. The method as recited in claim 7, wherein said 
having another diffizsed region 12 and a gate electrode slurry is comprised of alumina particulates and deion- 
16. ized water. 



09/18/2002, EAST version: 1.03.0007 



4,956, 

7 

10. A method of forming a plurality of conductive 
studs within a doped glass layer disposed between a Hrst 
series of conductive structures arranged on a substrate 
and a second series of conductive structures fonned on 
an upper surface of the passivation layer, comprising S 
the steps of: 

depositing the doped glass layer on the substrate, the 
doped glass layer having a non-planar upper sur- 
face; 

defining vias in said non-planar upper surface of the 10 
doped glass layer, so as to expose one or more of 
said plurality of first conductive structures on said 
substrate, said vias havmg substantially vertical 
sidewalls; 

defining a conformal metal layer on said non-planar IS 
upper surface of the doped glass layer, said confor- 



8 

mal metal layer filling said vias in the doped glass 
layer, said conformal metal layer having a non-pla- 
nar upper surface that substantially follows the 
topology of said non-planar upper surface of the 
doped glass layer; 
subjecting both of said non-planar upper surface of 
said conformal metal layer and said non-planar 
upper surface of the doped glass layer to a single 
polish etch step in the presence of a basic abrasive 
slurry, so as to remove portions of the conformal 
metal layer outside of said vias in the doped glass 
layer while simultaneously removing appreciable 
portions of said non-planar upper surface of the 
msulator layer so as to establish planarity in said 

upper surface of the doped glass layer. 
***** 
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